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(54) Thermal paper with security features and security ink therefor 



(57) A thermal paper with a latent image (10) de- 
rived from a water-based security ink has more than one 
means of security. A variable light absorbing and/or 
transmitting pigment or dye in the ink is a first security 
means, and a water repelling agent in the ink is a second 
security means. A pseudo-watermark from the colora- 
tion of the ink under ambient conditions may be a third 
security means. Visible images can be generated from 



the printed ink upon exposure to UV or infrared light. 
The security ink includes a carrier for said pigment or 
dye, and the water repelling agent is dispersed In this 
carrier in an amount sufficient to render the ink water- 
proof once dried. By virtue of the waterproof nature of 
the latent image (10), visible images can also be gener- 
ated by overwriting the latent image (10) with a water 
soluble ink. 
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1 EPOI 

Description 

The present Invention relates to security inks used 
to thwart counterfeiting of printed commercial docu- 
ments such as sales transaction records and receipts. 
The invention has particular application to the use of se- 
curity features on thermosensitive recording materials 
such as thermal paper. 

Many different means of security are available to 
prevent duplication of printed commercial documents 
such as special papers (water marked paper) and spe- 
cial inks (fluorescent inks and other optically variable 
inks) which form latent images or images that change 
color. 

The use of latent images as a security measure is 
well known. To be useful as a security measure, latent 
images must be well camouflaged but readily and easily 
viewable to the user, preferably by a simple procedure. 
An example of such a latent image is described in U.S. 
Patent No. 5,468,581, which is formed when printing 
documents using an intaglio process. The latent image 
is overprinted on the visible image such that the latent 
image is visible when the document is tilted and viewed 
at an angle. The latent image is caused by the variation 
of the slight shadow from the raised ink pattern formed 
by the intaglio process or other printing method which 
produces raised ink patterns. 

Optically variable inks have been used to provide 
latent images and images which change color when ex- 
posed to a light source other than ambient light. These 
optically variable inks allow for non-destructive testing 
of the security feature allowing the printing of such inks 
to be monitored. Such optically variable inks typically 
contain a fluorescent compound or photochrome com- 
pound which responds to infrared or ultraviolet light. An 
example of an aqueous printing ink for jet printing which 
fluoresces under ultraviolet radiation is described in U. 
S. Patent No. 4,153,593. The dyes described in this ref- 
erence are water soluble and include fluorescein, eo- 
sine dyes and Rhodamine dyes. Representative disclo- 
sures of other inks include U.S. Patent No. 4,328,3 32, 
issued to Hayes et at. on May 4, 1 982, and U.S. Patent 
No. 4,150,997, issued to Hayes on April 24, 1979. While 
the use of fluorescent inks and dyes has been effective 
and versatile, with the advent of todays personal com- 
puters and color copiers, conventional security meas- 
ures such as these have been overcome, particularly 
where records are only casually inspected, such as 
sales receipts and transaction records. Therefore, it is 
desirable to provide additional security measures to 
supplement the fluorescent pigments and dyes. 

Adding additional security measures is complicated 
by many factors. One is that there are many types of 
printing inks with compositions adapted to be employed 
in particular printing operations. For example, the inks 
for ink jet printers often must be conductive, have vis- 
cosity values within a certain range and contain no large 
particulate matter (below 5 ujti) and the ink should not 
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dry within the ink jet over short periods of time. Jet print- 
ing processes are described in Report No. 1722-1 of the 
Stanford University Electronic Research Laboratory 
dated March 1964, entitled "High Frequency of Oscil- 

s lography with Electrostatically Deflected Ink Jets", and 
U.S. Patent Nos. 3,596,275, 4,269,627, 4,153,593, 
4,328,332, and 4, 1 50,997.) Special ink formulations are 
often employed in relief printing, offset printing, intaglio 
printing, lithography and silkscreening. 

io Another factor which complicates adding a security 
measure to a security ink is that water-based inks are 
preferred to minimize the impact on the environment 
and avoid flammable vapors during use. This limits the 
components that can be added to the security ink. 

> s An additional factor which complicates adding a se- 
curity measure to a security ink is that it is difficult to 
complement the performance of fluorescent and photo- 
chromic pigments and dyes within optically variable inks 
without interfering with their performance. Parameters 

20 such as these place limitations on the additives or other 
components which can be used with security inks, mak- 
ing it difficult to provide multiple security measures with- 
in a security ink. 

The above factors must be considered for the inks 

2$ to be printed on plain paper. Where the security features 
are desired for thermal paper, the ink has additional re- 
quirements due to the special thermosensitive coatings 
thereon which generate images when activated by heat. 
The inks must not prereact the reactive components 

30 within the thermosensitive coating of the thermal paper 
to detract from the papers printing performance. Certain 
chemical factors can adversely affect and degrade the 
performance of the thermosensitive coating and should 
be avoided such as some organic solvents (ketones), 

35 plasticizers (polyethylene glycol type) amines (ammo- 
nia) and certain oils (soy oil). 

Direct thermal paper is a thermosensitive recording 
material on which print or a design is obtained by the 
application of heat energy. Thermal paper comprises a 

^0 base sheet and a coating, and like other coated papers, 
the coating is applied to give new properties to the base 
sheet. However, a major distinction in thermal paper 
from other coated papers is that special color forming 
chemicals and additives are present in the coatings 

45 such that when heat is applied by a thermal head, the 
color forming chemicals react to develop the desired 
print or image. 

The most common type of thermal coating is the 
dye-developing type system. The three main color pro- 

50 ducing components in a dye developing-type thermal 
are colorless dye (color former), a bisphenol or an acidic 
material (color developer) and sensitizer. These solid 
materials are reduced to very small particles by grinding 
and incorporated into a coating formulation along with 

55 any optional additives such as pigments, binders and 
lubricants. This coating formulation is then applied to the 
surface of paper or other support system using various 
types of coloring application systems and dried. Images 
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are formed on the coated surfaces by the application of 
heat to melt and interact the three color producing ma- 
terials. 

To protect thermal paper from environmental con- 
ditions, and premature coloration from handling, a 
number of developments have been made. One is to 
produce a barrier or protection layer on top of the ther- 
mal coating (see U. S. Patent Nos.4,370,370; 
4,388,362; 4,424,245; 4,444,819; 4,507,669; and 
4,551,738). Another approach is to encapsulate the re- 
active components in microcapsules which rupture or 
are permeable when exposed to heat. See U.S. Patent 
Nos. 4,682,194; 4,722,921; 4,742,043; 4,783,493; and 
4,942,150. These protective measures will not always 
prevent premature coloration when exposed to a secu- 
rity ink. 

Summary of the Invention 

It is an object of the present invention to provide a 
thermal paper with more than one security feature to 
prevent counterfeiting. 

It is another object of the present invention to pro- 
vide a security ink which gives a material, such as ther- 
mal paper, more than one security feature. 

According to one aspect of the invention there is 
provided a thermosensitive recording material including 
a base sheet and a thermosensitive coating on only one 
surface of said base sheet, characterized by a latent im- 
age on the surface of said base sheet opposite the ther- 
mosensitive coating, said image comprising a dried wa- 
terproof ink which includes a water soluble, dispersible 
or emulsifiable pigment or dye with variable light absorp- 
tion and/or transmission properties and a water repelling 
agent in an amount sufficient to render said image wa- 
terproof. 

Inks which provide images with at least two modes 
of security are included in this invention. 

In another aspect of the present invention, there is 
provided a method of preparing thermal paper having 
one thermosensitive surface and two or more, prefera- 
bly three security features. This method comprises print- 
ing on the surface opposite the thermosensitive coating, 
a security ink comprising a water soluble, dispersible or 
emulsifiable pigment or dye with variable light absorp- 
tion and/or transmission properties and a water repelling 
agent in an amount sufficient to render the image wa- 
terproof, wherein the ink is applied by a conventional 
printing process which does not require temperatures 
above 50 C. 

Embodiments of the present invention will now be 
described by way of example with reference to the ac- 
companying drawings, in which: 

Fig. 1 illustrates thermal paper of the present inven- 
tion, at a viewing angle of 90 from the surface, hav- 
ing a latent image printed thereon, which is illumi- 
nated by a 60 watt incandescent light bulb; 



Fig. 2 illustrates a thermal paper as in Fig. 1 , at a 
viewing angle of 90 from the surface which is illumi- 
nated under ultraviolet light; 
Fig. 3 illustrates a thermal paper of Fig. 1 at a view- 

5 ing angle of 90 from the surface which is overwritten 
with a water soluble ink and illuminated with a 60 
watt incandescent light bulb; and 
Fig. 4 illustrates a thermal paper as in Fig. 1 at a 
viewing angle of 30 from the surface and illuminated 

10 with a 60 watt incandescent light bulb. 

The thermal papers of the present invention have 
only one surface coated with a thermosensitive coating. 
This thermosensitive coating is preferably of the dye- 
developing type. Particularly suitable dye developer 
systems are those wherein the reactive dyes are color- 
less or white-colored which become dark colored when 
melted and exposed to a color developer. Such dyes are 
typically basic substances which become colored when 

20 oxidized by acidic compounds or bisphenol compounds. 
In these dye-developer systems, sensitizers are typical- 
ly mixed with the dyes to form a blend with a reduced 
melting point. This reduces the amount of heat neces- 
sary to melt the dye and obtain reaction with the color 

25 developer. The components of the thermosensitive 
coating are often determined by the operating temper- 
ature of the thermal printer to be used. The operating 
temperature of conventional thermal printers varies 
widely, typically within the range of from 50 C to 250 C. 

oo One skilled in the art can readily determine the melting 
point necessary for a desired application and select a 
dye and developer accordingly, or select a conventional 
thermal paper with a thermosensitive coating on one 
side. A well known dye is that identified as ODB-II with 

55 the sensitizer M-terphenyl. A preferred color developer 
is bisphenol A. 

Color formers suitable for use in the coating formu- 
lations in thermosensitive recording materials of this in- 
vention are leuco dyes. Leuco dyes are colorless or light 

40 colored basic substances, which become colored when 
oxidized by acidic substances. Examples of leuco dyes 
that can be used herein are described as follows: 

a) leuco bases of triphenylmethane dyes represent- 
45 ed by formula I: 
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wherein Rx, Ry, and Rz of general formula I can be, 
independently of each other, hydrogen, hydroxy I, 
halogen, C1-C6 alkyl, nitro or aryl. Specific exam- 
ples of such dyes are: 3,3-bis(p-dimethylaminophe- 
nyl)-phthalide, 3,3-bis(p-dimethylaminophenyl)- s 
6-dimethylaminophthalide (Crystal Violet Lactone), 
3,3-bis(p-dimethylaminophenyl)-6-diethylaminoph- 
thalide, 3,3-bis(p-dimethylaminophenyl)-6-chlo- 
rophthalide, and 3,3-bis(p-dibutylaminophenyl)- 
phatalide. 10 
(b) Leuco bases of fluoran dyes represented by for- 
mula II: 




15 



20 



wherein Rx, Ry, and Rz of formula II are as defined 
above for formula I. Some examples are: 3-cy- 2$ 
clohexylamlno-6-chlorofluoran, 3-(N-N-diethylami- 
no)-5-methyl-7-(N, N-Dibenzylamino)f luoran, 3-di- 
methylamino-5,7-dimethylfluoran and 3-diethylami- 
no-7-methylfluoran. 

(c) Other suitable fluoran dyes include: 3-diethyl- 30 
amino-6-methyl-7-chlorofluoran, 3-pyrrolidino- 
6-methyl-7-anilinofluoran, and 2-[3,6-bis(diethyl- 
amino)-9-(0-chloroanilino)xanthybenzoic acid 
lactam]. 

(d) Lactone compounds represented by formula III: 35 
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45 



wherein R1 and R2 of formula III, independently of 
each other, represent hydrogen, unsubstituted so 
C1-C6 alkyl, substituted C1-C6 alkyl, substituted 
phenyl, unsubstituted phenyl, cyanoethyl, -halo- 
genated ethyl, or R1 and R2 in combination form a 
cyclic structure and represent -(CH2-)4, (-CH2-J5 
and at least one of R8 and R9 is hydrogen and the ss 
other is hydrogen, C1-C6 alkyl, aralkyl, amyl, or 
phenyl; XI, X2 and X3 each, independently of each 
other, represent hydrogen, C1-C6 alkyl, halogen, 



halogenated methyl, nitro, amino or substituted 
amino and X4 represents hydrogen, C1-C6 alkyl or 
C1 -C6 alkoxy and n is an integer of from 0 to 4. Spe- 
cific examples of the above-mentioned compounds 
are: S-p'-hydroxy-^-dimethylaminophenylJ-S-^' 
[-methoxy-S'-chlorophenylJphthalide, 3-(2*-hydro- 
xy-4 , -dimethylaminophenyl)-3-(2'-methoxy-5'-nitro- 
phenyl-phthalide, 3-(2'-hydroxy-4'-diethylamino- 
phenyl)-3-(2'-methoxy-5'-methylphenyl)phthalide, 
and 3-(2 , -methoxy-4 , -dimethylaminophenyl)-3-(2 , - 
hydroxy-4 , -chloro-5'-methylphenyl)-phthalide. 

There are many substances which change the color 
of the dyes by oxidizing them and function as develop- 
ers. Color developers suitable for the coating formula- 
tions and thermal sensitive recording materials of this 
invention are phenol compounds, organic acids or metal 
salts thereof and hydroxybenzoic acid esters. 

Preferred color developers are phenol compounds 
and organic acids which melt at about 50 to 250 C and 
are sparingly soluble in water. Examples of phenol com- 
pounds include 4,4'-isopropylene-diphenol (bisphenol 
A), p-tert-butylphenol, 2-4-dinitrophenol, 3,4-dichlo- 
rophenol, p-phenylphenol, 4,4-cyclohexylidenediphe- 
nol. Useful examples of organic acid and metal salts 
thereof include 3-tert-butylsalicylic acid, 3,5-tert-butyl- 
salicylic acid, 5-a-methylbenzylsalicylic acid and salts 
thereof of zinc, lead, aluminum, magnesium or nickel. 
Some of the color developers are 2,2,-bis(4'-hydroxy- 
phenyl)propane (Bisphenol-A), p-phenylphenol, 2,2-bls 
(4'-hydroxyphenyl)-n-heptane and 4,4'-cyclohexylidene 
phenol. 

Sensitizers or thermosensitivity promoter agents 
are used in the coating formulation and thermal papers 
of the present invention to give a good color density. The 
exact mechanism by which the sensitizer helps in the 
color forming reaction is not well known. It is generally 
believed that the sensitizer forms a eutectic compound 
with one or both of the color forming compounds. This 
brings down the melting point of these compounds and 
thus helps the color forming reaction to take place with 
ease at a considerably lower temperature. Some of the 
common sensitizers which are suitable are fatty acid 
amide compounds such as acetamide, stearic acid 
amide, linolenic acid amide, lauric acid amide, myristic 
acid amide, methylol compounds or the above men- 
tioned fatty acid amides such as methylenebis (steara- 
mide), and ethylenebis (stearamide), and compounds 
of p-hydroxybenzoic acid esters such as methyl p-hy- 
droxybenzoate, n-propyl p-hydroxybenzoate, isopropyl 
p-hydroxybenzoate, benzyl p-hydroxybenzoate. 

The thermosensitive coating compositions can be 
applied to any conventional base sheet suitable for use 
in thermal paper. The base sheet must not contain any 
reactive elements which would prematurely color the 
thermosensitive coating. The thermosensitive coating 
can vary in composition, as is conventionally known in 
the art, including the encapsulation of components 
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therein and the use of protective layers thereon to pre- 
vent premature coloration during handling. Such ther- 
mosensitive coatings can also be applied by conven- 
tional methods using conventional equipment. 

The security inks employed in the thermal papers s 
and methods of the present invention provide more than 
one security measure. One feature is provided through 
the use of a water soluble, dispersible or emulsifiable 
pigment or dye with variable light absorption and/or 
transmission properties, referred to herein as "optically 
variable" pigments and dyes. These pigments or dyes 
need not absorb or transmit light under ambient indoor 
conditions, i.e., they are transparent or invisible to the 
naked human eye under such conditions but do absorb 
or transmit light when exposed to UV radiation. Pig- 
ments and dyes which transmit or absorb light under 
ambient conditions and absorb or transmit light at differ- 
ent wavelengths when exposed to ultraviolet light can 
also be used. The pigments and dyes used are soluble, 
dispersible or emulsifiable in water to provide "waier- 
based" formulations. 

Suitable pigments and dyes include the fluorescent 
resins produced in U.S. Patent No. 4,328,332 from tri- 
mellitic anhydrides and propylene glycol with a zinc ac- 
etate catalyst. Representative of water soluble fluores- 
cent dye components are fluorescein and eosine dyes 
and blaze orange 122-8524A, manufactured by Dayglo 
Color Corporation of Cleveland, Ohio. The pigment or 
dye employed will depend on the printing equipment to 
be used with the ink. Inks used in jet printing cannot con- 
tain large pigment particles or other solids in that they 
will clog the small orifices of the jet. Water-based print- 
ing inks applied by intaglio printing, lithography, relief 
printing, do not suffer from such a limitation and can con- 
tain pigments of a relatively large particle size. 

Photochromic compounds which change color 
when exposed to UV light can also be used. Suitable 
photochromic compounds include the spiro compounds 
of formula V disclosed by Takahashi et at. in U.S. Patent 
No. 5,266,447. These include spiroxazine compounds, 
spiropyran compounds and thiopyran compounds of the 
formulae in columns 5-6 ofU.S. Patent No. 5,266,447. 
Other examples of suitable photochromic compounds 
include the benzopyran compounds disclosed by Kumar 
in U.S. Patent No. 5,429,774, the benzothioxanthone 
oxides disclosed by Fischer et al. in U.S. Patent No. 
5,177,218, the dinitrated spiropyrans disclosed by H.o- 
inoet al. in U.S. Patent No. 5,1 55,230, the naphthaceno- 
quinones disclosed by Fischer et al. in U.S. Patent f ;o. 
5,206,395 and U.S. Patent No. 5,407,885, the naph- 
thopyran compounds disclosed by Knowles in U.S. Pat- 
ent No. 5,384,077, the spiro(indoline) naphthoxa^.ine 
compounds disclosed by VanGemert in U.S. Patent No. 
5,405,958, the ring compounds disclosed by Tanaka et 
al. in U.S. Patent No. 5,106,988 and the spiro-ben?;;x- 
azine compounds disclosed by Rickwood et al. in U 3. 
Patent No. 5,446, 151. Mixtures of such compound? ai e 
preferred and are available commercially from sources 



such as Color Change Corp. of Schaumburg, Illinois and 
Xytronyx Inc. of San Diego, California. 

The concentration of the dye or pigment material 
within the security inks used in the thermal papers and 
methods of this invention can vary over wide limits. In 
general, an optical effect can be developed on most 
thermal papers with a fluorescent dye or photochromic 
pigment component present in an amount which ranges 
from 2-50 wt.% and preferably in an amount within the 
range of 1 0 to 50 wt.%, based on dry components of the 
ink used. 

A key component of the security inks employed in 
the thermal papers and methods of this invention is a 
water repelling agent. This water repelling agent pro- 
vides a second security for the thermal paper obtained. 
The water repelling agent is used in an amount sufficient 
to render the dry security ink waterproof, preferably with 
a surface tension less than 35 dynes, preferably be- 
tween 20-30 dynes. Water has a surface tension of 70 
dynes. In being waterproof, the image from the security 
ink will surface when the image is wet with water or other 
aqueous solution. The image of the security ink will not 
absorb water, forming beads thereon, and due to the dis- 
tinct surface tension from the substrates, the application 
of water will render the image visible. A convenient 
method for exposing the image is to pass a water soluble 
ink such as in a felt marker over the image. 

Suitable agents which will render the dry security 
ink waterproof include homopolymers of acrylic acids or 
a lower alkyl acrylic acids which are soluble in alkaline 
aqueous solution but insoluble when dry. An acrylic pol- 
ymer suitable for forming such a film is formulation 
EC1052, available from Environmental Ink, Inc. 
Amounts of from 2-3.0 wt.% may be used based on the 
total ink composition. Alternatively, Latex 744b, com- 
mercially available from the Dow Chemical Company, 
may be used in an amount from 0.5-3.0% by weight of 
the ink composition, if components therein do not pre- 
react the thermal paper. Latex 744b is believed to be a 
vinyl in water emulsion. 

Other suitable water repelling materials include var- 
nishes and silicone resins. Suitable silicone resins in- 
clude polydimethylsiloxanes such as those available 
from General Electric Company and Dow Corning Incor- 
poration. Suitable examples include those polydimeth- 
ylsiloxanes under the trade names "SE30" and "VI SC- 
100M" provided by General Electric Company and Si- 
lastic 4-2901 and Silastic 4-2903 provided by Dow Corn- 
ing Corporation. The amount employed preferably rang- 
es from about 0.5-10 wt.% based on the weight of dry 
components and most preferably ranges from 1 -5 wt.%. 
The water repelling agent should provide a dried ink with 
a surface tension less than 35 dynes, preferably from 
20-30 dynes. This will cause sufficient differentiation 
with the substrate, which typically has a surface tension 
of 50-60 dynes to reveal the image once wetted with wa- 
ter or other aqueous mixture. In certain embodiments, 
the ink will provide a pseudo-water mark through color- 
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ation of the ink when dried. This color may be generated 
by the dyes or pigments, the water repelling agents or 
other components of the ink. 

The security inks used may contain additional ad- 
ditive or binder components to aid in their performance. 
The nature of these additives will depend on the end 
use. A suitable additive is a water soluble fluorescent 
brightener component that is used in combination with 
the fluorescent dye materials. The brightener typically 
enhances the fluorescence available from the same 
concentration of dye. For example, fluorescein (acid yel- 
low 73) is an excellent fluorescent material having a 
peak fluorescence of 527 nm as measured by a Perkin 
Elmer 240 Fluorescent Spectrophotometer. Fluorescein 
can absorb only a given amount of ultraviolet light emit- 
ted from a standard mercury vapor light at 365 nm. How- 
ever, the fluorescent brightener also absorbs energy ;u 
365 nm and re-emits the light at 460 nm. This emission 
is very close to the peak absorption of fluorescein so 
that the net effect is fluorescein acts as if it is being ra- 
diated by a light of greater flux than is actually produced. 
Fluorescence can be increased by as much as five times 
the original value with the use of a fluorescent brighten- 
er. Care should be exercised to avoid the use of a bright- 
ener having an absorption curve which interferes with 
the fluorescence of the fluorescent material. Examples 
of brighteners include Calcofluor ABT by CyanamiJ, 
Cateofiuor A2RT by Cyanamid, Blancophor SV by GAP, 
Tinopal GS by Geigy, Leucophon BSW by Sandoz, Pa- 
per White SP by DuPont and Paper White BP by Du- 
Pont 

The security inks used in the thermal papers and 
method of this invention also comprise an aqueous 
based carrier for the dye or pigments, other than the wa- 
ter repelling agent. The carrier can comprise an aque- 
ous solution with or without a water soluble, dispersibie 
oremulsifiable resin binder. It is essential that any binder 
used have such properties to provide a water-based ink. 
The aqueous based carrier may contain a dispersing 
agent to help solubilize the pigment or dye. The inks are 
preferably dried/cured on the thermal paper by the evap- 
oration of water and any other volatile components with- 
in the aqueous based carrier to leave a solid layer. Re- 
active inks which can form in ink layers may be used if 
they do not interfere with the performance of the thermal 
paper. The binder compounds of the carrier and the 
amount thereof can vary widely, depending on the print- 
ing method intended to be employed. For example, the 
amount of water used can vary from 1 to 70 wt.% based 
on the total weight of the ink formulation. 

The water based inks used to prepare the thermal 
papers of this invention may comprise a water emulsifi- 
able or dispersibie wax and/or a water soluble, emulsi- 
fiable or dispersibie thermoplastic resin binder compo- 
nent. The waxes can be natural waxes, including Car- 
nauba wax, candelilla wax, beeswax, rice bran wax, pe- 
troleum waxes such as paraffin wax, synthetic hydrocar- 
bon waxes such as low molecular weight polyethylene 



and Fisher-Tropsch wax, higher fatty acids such as myr- 
tstic acid, palmitic acid, stearic acid and behenic acid; 
higher aliphatic alcohols such as steryl alcohol and es- 
ters such as sucrose fatty acid esters. Mixtures of waxes 

s can also be used. The melting point of the wax used 
typically falls within the range of from 75 C to 250 C, 
preferably from 75 C to 200 C. Waxes with higher melt- 
ing points are advantageous in that they aid the integrity 
of the printed image. When used, the amount of wax is 

10 typically greater than 5 wt.% and is preferably from 
10-50 wt.%. Coating formulations which contain wax 
typically comprise from 20-50 wt.% total solids. To aid 
in the dispersion of the wax within an aqueous medium, 
micron ized grades of wax are preferred. 

f5 Water soluble, dispersibie or emutsifiable resins 
suitable as binders include thermoplastic resins such as 
polyvinyl chloride, polyvinyl acetate, vinyl chloride-vinyl 
acetate copolymers, polyethylene, polypropylene, poly- 
acetal, ethylene-vinyl acetate copolymer, ethylenealkyl 

20 (meth)acrylate copolymer, eihylene-ethytacetate copol- 
ymer, polystyrene, styrene copolymers, polyamide, 
ethylcellulose, epoxy resin, polyketone resin, poly- 
urethane resin, polyvinylbutyrl, styrenebutadiene rub- 
ber, nitrile rubber, acrylic rubber, ethylene-propylene 

2S rubber, ethylene alkyl(meth)acrylate copolymer, sty- 
rene-alkyl(meth)acrylate copolymer, acrylic acid-ethyl- 
ene-vinylacetate terpolymer, saturated polyesters and 
sucrose benzoate. To obtain emulsions of polymers 
which are insoluble or partially soluble in water, the resin 

30 is typically ground to submicron size. 

The binders may comprise two or more resins to 
provide specific property profiles. Thermoplastic resins 
typically enhance the integrity of the printed image, i.e., 
they enhance the smear and scratch resistance. Ther- 
ms moplastic resins typically have a melting point of less 
than 300 C and preferably in the range of 95 C to 250 
C. The amount of thermoplastic resin can range from 
15-35 wt.%, and preferably comprises at least 25 wt.% 
of the formulation, based on the total dry ingredients. 

40 The security inks used may also contain additives 
which vary their utility. For example, the inks may con- 
tain pigments to render the printed images visible under 
ambient indoor conditions or provide a pseudo-water 
mark on the thermal paper. 

45 The thermal papers which contain a security ink can 
be prepared by the methods of this invention, wherein 
a security ink as described above is applied to the side 
of a thermal paper opposite the thermosensitive layer. 
The ink can be applied by any conventional means 

so which does not require the application of heat or high 
temperatures. Examples include relief printing, offset 
printing, flexography, lithography and silkscreening. A 
temperature of not more than 50 C is maintained during 
the printing process. Once the ink is applied, the ink is 

55 dried at temperatures not more than 50 C, preferably at 
ambient temperature. A specific example isflexographic 
printing, which is preferred where other indicia are print- 
ed on the reverse side of the thermal paper by flexo- 
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graphic printing. 

To provide these formulations, the components are 
typically combined as dispersions at about 30 wt.% sol- 
ids in a ball mill or similar conventional grinding equip- 
ment and agitated and ground. Where a wax emulsion 
is used, it is typically the initial material and the remain- 
ing components are added thereto with minor heating. 

Without further elaboration, it is believed that one 
skilled in the art can, using the preceding description, 
utilize the present invention to its fullest extent. The en- 
tire disclosure of all applications, patents, publications, 
cited above and below, are herein incorporated by ref- 
erence. 

EXAMPLES 

Example 1 

A securily ink composition comprising an aqueous 
solution of the following components is prepared within 
an attritor 

1) 5 to 30 wt.% UVfluorescent pigment from BASF, 

2) 5 to 20 wt.% water soluble polydimethyl siloxane 
and 3) 30 to 60 wt.% varnish, all based on total sol- 
ids. 

Preparation of Thermal Paper 

A mill roll ol commercial thermal paper reduced to 
a roll 3.15" wide, 3-9' in diameter and having a thermo- 
sensitive coating on only one side thereof is used. The 
thermal paper is adapted for use in direct thermal prim- 
ers. The security ink is printed on the roll of thermal pa- 
per using a Mark Andy flexographic press. The image 
printed is the logo for NCR Corporation. A substrate with 
a latent image is produced, a sample of which is repre- 
sented in Fig. 1 . The sample of imaged substrate 5 in 
Fig. 1 is shown as illuminated under ambient indoor con- 
ditions wherein (he latent image is invisible to the naked 
human eye. 

Security Test 

Imaged substrate 5 produced in Example 1 is tested 
for luminescence and for waterproofness, Fig. 2 shows 
imaged substrate 5 illuminated with a UV tight from a 
mercury are lamp operating at 365 nm to fully reveal la- 
tent image 10 and Fig. 3 shows substrate 5 with the la- 
tent image 10 passed over with a highlight pen (pink) to 
form overwriting 15 and reveal the image by the differ- 
entiation in water absorption between the latent image 
10 and the substrate. Fig. 4 shows substrate 5 at an an- 
gle less than -15 from the surface thereof to reveal a 
pseudo-watermafk. 



Example 2 

The inks used can have a solids content which rang- 
es widely such as from 20 to 80 wt.%. For flexographic 

5 printing, a solids content of about 50 wt.%, i.e., from 
40-60 wt.% is preferred. Suitable flexographic printers 
are provided by Wolverine and Mark Andy. 

A security ink having a pH of 8-9 with a water-based 
tracer and silicone resin is used. The viscosity of the ink 

10 falls within the image of 20-24 with a #2 Zahn cup. The 
ink comprised about 1 0 wt.% silicone based on the total 
composition. Water comprised about 47 wt.% of the for- 
mulation. Water soluble organ ics (ethylene glycol and 
ethers) comprised about 1 .2 wt.%. The ink also con- 

15 tained octylphenoxy polyethoxy ethanol. The ink is ap- 
plied to a commercial Appleton T-1 01 2 A thermal fax pa- 
per and standard transaction receipt paper on the un- 
coated surface using a Mark Andy flexographic printer 
(with an open pan, 440 anilox roll. The plate was of the 

20 NCR logo. 

The paper was recovered and tested for thermal 
printing and dynamic sensitivity. Both showed suitable 
print density from conventional thermal printers operat- 
ing with a pulse time of at least 0.38 milliseconds. 

25 The paper was tested for security features by over- 
writing with an Abby Ph pen and the latent "NCR" image 
was defined. The paper was tested for manipulation with 
an ink jet printer. The ink was found to react with the 
thermosensitive coating. 

30 The preceding examples can be repeated with sim- 
ilar success by substituting the generically or specifically 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 



1. A thermosensitive recording material including a 
base sheet (5) and a thermosensitive coating on on- 

40 |y one surface of said base sheet, characterized by 
a latent image (1 0) on ;hc su rface of said base sheet 
(5) opposite the thoi-nosensitive coating, said im- 
age comprising a dncd waterproof ink which in- 
cludes a water soluble, dispersible or emulsifiable 

^5 pigment or dye with variable light absorption and/or 
transmission properties and a water repelling agent 
in an amount sufficient to render said image water- 
proof. 

50 2. A recording material i -cording to claim 1 , charac- 
terized in that the wa* - repelling agent is selected 
from the group consiy. • qc\ acrylic polymers includ- 
ing homopolyme rs o! . i ; \ y ! ic acid or lower alkyl acid; 
vinyl polymers; varni,nos; and silicone resins in- 

55 eluding polydimethylsibxanes. 

3. A recording material .^cording to either claim 1 or 
claim 2, charactered .n that the water soluble, dis- 
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persible or emulsifiable pigment or dye is selected 
from the group consisting of fluorescent pigments 
and dyes and photochromic pigments and dyes. 

4. A recording material according to any one of the 5 
preceding claims, characterized in that said image 
(10) is transparent to the naked human eye under 
illumination with a 60 watt incandescent light bulb 
and visible to the naked human eye when exposed 
to ultraviolet light at a wavelength of 365 nm. 10 

6. A recording material according to any one of the 
preceding claims, characterized in that said dried 
waterproof ink additionally includes a water soluble, 
dispersible or emulsifiable binder resin, wax or both, is 



image (10) on a recording material according to any 
one of claims 1 to 9, characterized in that said ink 
includes a water soluble, dispersible or emulsifiable 
pigment or dye with variable light absorption and/or 
transmission properties in an amount sufficient to 
provide variable light absorption and/or transmis- 
sion properties to said ink once dried; a carrier for 
said pigment or dye selected from the group com- 
prising aqueous solutions and water soluble, dis- 
persible or emulsifiable binders; and a water repel- 
ling agent dispersed in the carrier in an amount suf- 
ficient to render said ink waterproof once dried. 



6. A recording material according to any one of the 
preceding claims, characterized in that the amount 
of water soluble, dispersible or emulsifiable pigment 
or dye with variable light absorption and/or trans- 20 
mission properties ranges from 2 wt.% to 50 wi.% 
based on dried components of said ink. 



7. A recording material according to any one of the 
preceding claims, characterized in that the water 25 
soluble, dispersible or emulsifiable pigment or dye 
is selected Irom photochromic and fluorescent pig- 
ments and dyes selected from the group consisting 
of spiral oxazine compounds and derivatives (here- 
of, spiral pyran compounds and derivatives thereof, 30 
thiopyran compounds and derivatives thereof, 
naphthabenzopyran compounds and derivatives 
thereof, spiro(indoline) naphthooxazine com- 
pounds and derivatives thereof, spirobenzooxazine 
compounds and derivatives thereof, benzoin iooxa- 35 
thone compounds and derivatives thereof, naph- 
thacene quinone compounds and mixtures thereof, 
and fluorescein dyes and eosine dyes. 



8. A recording material according to any one of the 40 
preceding claims, characterized in that said dried 
waterproof ink has a surface tension less than 35 
dynes. 



9. A recording material according to any one of the 45 
preceding claims, characterized in that said dried 
waterproof ink provides a pseudo-watermark at an 
acute viewing angle to the surface of said recording 
medium. 

50 

10. A method of preparing a recording material accord- 
ing to any one of the preceding claims, character- 
ized in that, prior to being dried, said ink includes a 
water-based carrier, and in that said carrier is evap- 
orated at a temperature of not more than 53 C 10 ss 
form said dried waterproof ink. 

11. A printing ink which may be used to form said latent 
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FIG. 2 



FIG. 3 
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